Studies of charcoalified wood have followed two main approaches: observation of fractured surfaces, either under the dissecting or SE microscope, and observation of thin slices of epoxy-embedded samples with the light microscope. I introduce here a combination of techniques overcoming some of the problems these typical methods have presented, related to trouble with the high reflectance of fractured surfaces when observations are made using light microscopy, unavailability of equipment, and time-consuming, sample-altering methodologies. I used transverse surfaces painted with correction fluid for determination of vessel grouping and distribution, and indirect replicas of transverse and longitudinal surfaces made of nail polish for observation of other features including intervessel pit apertures, and ray size and composition. Good results are obtained even with a routine light microscope.
INTRODUCTION
Charcoal is formed when wood is burnt under oxygen-depleted conditions (Figueiral 1999) . Because charcoal is chemically inert and highly resistant to microbial attack, it retains enough anatomical characteristics to allow identification of the wood from which it comes, to the family or genus level (Prior & Gasson 1993) . However, during the carbonization process, considerable anatomical changes occur, such as tangential and radial shrinkage (Slocum et al. 1978) , and the homogenization of the cell walls, in which the middle lamella loses its identity and fuses with the two adjacent secondary walls (Jones & Chaloner 1991; Jones 1993) . These changes must be taken into account when one is trying to identify species, or trying to reach ecological inferences from charcoal remains (Prior & Gasson 1993) .
Because of its high resistance, charcoal is abundant in the fossil record, archaeological horizons and recent sediments (Figueiral 1999) . Much information about the local flora, cultural practices, and ecological environment can be drawn from charcoal remains found at archaeological sites (Juárez-Valladares et al. 1998) . In Mexico alone, with about 30,000 archaeological pre-Hispanic sites registered (Solanes Carraro & Vela Ramírez 2000) , there is an overwhelming number of charcoal samples found in a single year. Accurate and fast identification of these samples call for fast, reliable and inexpensive techniques for charcoal identification, which can be carried out even in the field.
Traditionally, the anatomical study of charcoal has been carried out on freshly split radial or tangential surfaces, which are then observed under the dissecting, reflected light, or scanning electron microscope (Figueiral 1999) . Because split surfaces of charcoal have a dark, shining color and are not completely flat, sometimes they do not show diagnostic features as clearly as do clean, flat wood surfaces. Its brittleness or degree of deterioration nearly prohibits thin sectioning of charcoal for the light microscope without tedious embedding procedures or very drastic softening procedures (Figueiral 1999) . Therefore, vessel diameter, pit size, ray height, and vessel frequency all have to be measured under the dissecting microscope with incident illumination. However, the highly reflective nature of the charcoal surface increases the difficulty of observation and measurement. An alternative procedure is to use a scanning electron microscope, but this solution is economically and logistically impractical for many wood anatomy laboratories. Smith and Gannon (1972, cited in Ruzin 1999 ) used epoxy resin for embedding charcoal. That method requires long periods of dehydration in acetone and infiltration in gradually increasing concentrations of epoxy resin dissolved in acetone. A total of 10 days would be necessary for specimen preparation prior to sectioning. According to Ruzin (1999) , it is possible to obtain sections 8-10 μm thick with epoxy-embedded charcoal.
The techniques described here were tested on modern charcoal samples obtained from the local market, and from two archaeological samples obtained from two different archaeological sites in Mexico. The purpose of this paper is to show how the techniques presented here, used in combination, can give a complete image of the anatomical features of charcoalified wood, in a very easy and fast way.
MATERIALS AND METHODS
Charcoal samples were obtained from the local market in Coatepec, Veracruz, Mexico and from the Instituto Nacional de Antropología e Historia (INAH), Mexico. The archaeological samples used in this study, kindly provided by INAH, came from Teotihuacan, Estado de Mexico, and from La Mora, Hidalgo, both important archaeological sites at the center of Mexico, belonging to the Olmec culture, dating from approximately 1200 AD (Sánchez M., pers. comm. 1999) .
Painting of transverse surfaces with correction fluid
A fresh, transverse surface of charcoal was obtained by breaking a piece of modern charcoal by hand, and then cleaned gently with a blast of compressed air. The surface was painted with water-soluble liquid corrector for typewriter (correction fluid, from here onwards) and allowed to dry for about 15 minutes, at room temperature. To remove the excess white material left after the correction fluid dried up, the transverse surface was gently scraped with a razor blade. The sample was then observed under a dissecting microscope under incident cold light. Images of the charcoal transverse surface were taken with a digital camera.
Replicas of transverse and longitudinal surfaces
Direct replicas of transverse and longitudinal surfaces were obtained as follows: charcoal samples were broken by hand transversally, or longitudinally split with a razor blade, in the tangential or radial planes. The surfaces were carefully cleaned of debris with a blast of compressed air. Replicas were made with a precision impression material used by dentists (Exactoden, Industrias Dentales Exclusivas Asociadas, San Luis Potosí, SLP, Mexico), following the manufacturerʼs instructions: two 2.5-cm strips of paste (silicone) were dispensed from the tube onto a flat, clean glass plate. Two drops of hardener were added to the glass surface and mixed together using a metal spatula; when both components were thoroughly mixed, the paste was applied to a freshly exposed transverse or longitudinal surface of the charcoal. After the paste was hardened at room conditions for about 2 minutes, the paste was carefully removed using fine-tipped forceps.
Once dried, the silicone replica can be observed directly under either the dissecting or reflected light microscope, or it can be sputter-coated with gold-palladium and observed with the SEM. Another approach is to produce an indirect replica from the silicone direct replica (in the way it has traditionally been done for the study of leaf epidermis; e.g. Johansen 1940 ). This method is accomplished by coating the silicone replica with a thin film of nail polish. When the nail polish is dry, the film is carefully removed with forceps, placed on a microscopic slide (replica side up), and covered dry with a coverslip, without mounting medium. A small drop of Duco cement or UHU could be added at each corner of the coverslip, to keep the coverslip in place. The indirect replicas were observed with a compound microscope, using bright field or double interference contrast (Nomarski optics). Images were taken with a digital camera. Because of the microtopography of the charcoal samples, and of the thickness of the resulting film of nail polish, it is impossible to have everything in focus in a single image. However, moving the focusing knob of the microscope up and down, it is possible to get a three-dimensional view of the charcoal surface.
RESULTS
Considerable detail was obtained by applying correction fluid on the surface of a piece of modern charcoal. Figure 1 shows a transverse surface before treatment. The many bright dots are reflections of the incident light used for observation under the dissecting microscope. Rays are seen clearly as bright parallel lines. Vessels look like darker spots, but not much can be seen of their shape or distribution. After impregnating the cell lumina with correction fluid, drying up the sample and removing the excess of white material left over the surface, vessel outline showed up very clearly (Fig. 2) . Diffuse porosity, with vessels grouped in radial groups of more than five and Few vessels are visible as darker spots, but not much detail can be observed (lower arrow). -2: Same surface as 1, after impregnation with correction fluid. Porosity is diffuse. Radial groups of more than five are predominant (arrow), but a few clusters of four to five can be found (arrowhead). -3: Indirect replica of same surface as 1 & 2, observed with bright field (BF) under the compound microscope. Vessels are clearly delimited by a dark shadow cast by the replica (left arrowhead). Rays are seen as narrow, dark parallel lines (right arrowhead). Arrow points to parenchyma in tangential bands. -4: Detail of 3. Unicellular portion of a ray (arrows). Circular vessel outline is perfectly delimited (arrowheads). -Scale bar for 1 & 2 = 40 μm; for 3 = 10 μm; for 4 = 15 μm. . Shape of a ray can be deduced by the cavity left between two vessels (*), but only a few radial parenchyma cells were cast. -6-8. Indirect replicas observed with bright field (BF, 6) and double interference contrast (DIC; 7 & 8). -6: Arrows point to vessels, running more or less parallel along the whole field of view. Up to four vessel elements can be count in this area. -13: Early-and latewood tracheids can be easily distinguished by their thickness. Doubleheaded arrows show the span of earlywood (left) and latewood (right). Transition from earlyto latewood is abrupt. -14: White arrows point to bordered pits on radial surfaces of tracheids. Black arrow shows a radial parenchyma cell adhered to tracheids. -15: Arrows signal an area where ray parenchyma cells were removed by splitting, leaving behind the impression of their pits on the radial walls of tracheids. -16: An enlarged view of Fig. 15 , showing the size and shape of cross-field pits (arrows). A fragment of charcoal (*) remained attached on the indirect replica. -Scale bars for 13 = 12 μm; for 14 = 10 μm; for 15 = 8 μm; for 16 = 4 μm. a few clusters of four to five, can be seen very neatly. Vessels are oval in outline. The rays are not seen after treatment because they do not become impregnated with the correction fluid. However, judging by the empty space between radial files of vessels, one can estimate ray width with this technique.
Figures 3 & 4 show indirect replicas of transverse surfaces of modern charcoal observed under a compound microscope with transmitted light. Rays are visible as straight, narrow parallel lines; apotracheal parenchyma forms tangential bands. Vessel lumina contrast nicely with a dark shadow surrounding vessel groups. This shadow is due to uneven thickness of the nail polish film. It tends to be thicker in areas surrounding vessels.
Figures 5-8 show tangential surfaces of modern and archaeological charcoal. Figure 5 illustrates a direct replica of a tangential surface of modern charcoal made of silicon, as seen with the SEM. Vessels, rays and axial parenchyma are seen in high relief. Intervessel pits are seen as small projections on the vessel wall surface. Series of axial parenchyma are clearly delimited. Indirect replicas of archaeological (Fig. 6 ) and modern (Fig. 7 & 8) charcoal show very interesting details. In Figure 6 , the path followed by vessels is easily followed along a considerable length. Figure 7 shows the stratified structure given by the even distribution of rays in this modern charcoal sample. Figure 8 shows an enlarged view of Figure 7 . This ray is short, and the body is made of 2 or 3 square cells, with two upright cells at the margins.
Figures 9-12 show indirect replicas of radial surfaces of modern ( Fig. 9 ) and archaeological ( Fig. 10-12 ) charcoal. Rays passing on a group of vessels can be seen. Moving the focusing knob of the microscope up and down, it is possible to observe the vessels both in front and behind the rays. In Figure 10 a cross field is visible on the radial face of a vessel. Ray parenchyma characteristically show parallel vertical bands on their radial surfaces, formed by the impression left on them by fibres (Fig. 11) . In Figure 12 the same lines are seen enhanced with double interference contrast.
Figures 13-16 show indirect replicas of radial surfaces of a piece of archaeological charcoal, proven to be a softwood. In Figure 13 , early-and latewood tracheids are clearly differentiated. The transition from earlywood to latewood seems to be abrupt. Figure 14 shows bordered pits on radial faces of tracheids. A few radial parenchyma cells remain attached to tracheids. The ray parenchyma cells were removed by splitting, leaving behind the impression of their pits on the radial walls of tracheids (Fig.  15) . Figure 16 is an enlarged view of Figure 15 , showing the size and shape of the cross-field pits.
DISCUSSION
The techniques described here are very easy to reproduce. There is no need for microtome sectioning. A source of incident light and a dissecting microscope is needed for observation of transverse surfaces painted with correction fluid. A compound microscope with transmitted light is sufficient for observation of indirect replicas made of nail polish, although a compound microscope with double interference contrast (Nomarski optics) will produce the best results. In this way, the transverse surfaces painted with correction fluid proved to be excellent to determine vessel features like distribution, densities, vessel outline and diameter. Neither axial nor ray parenchyma showed up, nor did fibre lumina. However, those details could be easily observed in indirect replicas of transverse and longitudinal surfaces.
Even though many samples of modern charcoal were examined with the techniques described here, no evidence of tyloses were found. However, indirect replicas of a tropical hardwood clearly showed them (results not shown here). It is likely that the species from which I obtained the charcoal samples lacked tyloses. This possibility could be tested experimentally by charcoalifying a wood sample of a species known to form tyloses, and then obtaining indirect replicas of their surfaces could confirm that tyloses structure in charcoalified wood reproduces well with indirect replicas.
A combination of the techniques described here, provide a fast and reliable tool for the study not only of charcoal, but also of other woody material that could not be obtained in large quantities or that could not be removed from its original place (archaeological pieces or antiquities, for instance). Although the techniques have not worked well for the fossils with which I have experimented, they have been tried successfully on wood, paper and textiles.
